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ABSTRACT

The burst of free charge produced by _t hyperveloctty
particle impact was investigated. The hypervelocity particles
were iron spheres with diameters ranging from 0.1 micron to
1.0 micron. The amount of charge produced per unit impacting
particle mass was measured for several target materials at

, velocities from 3 km/sec to 25 km/sec. The effect was found
to be indep_ndent of target temperature to 600°C, electric
field to 10 _ volts/meter and small amo,xnts of cesium con-
tamination. Self-sustaining electrical discharges have been

I initia_ed in simulated ion engines by hypervelocity [,article

impacts, c._._ __f_, _.
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MICROMETEORITE IMPt.CT STUDIES

by J. C. Slattery

TRW Space Technology Laboratories

SUmmARY

An investigation was made of the mechanism of charge pro-
ductXon by hypervelocity impact. This effect is related to
the :risk of micrometeorotd damage to ton engines operating in
outer space. It was found that the impact of a small
(micron-sized) hyperveloctty particle produces a burst of
free charge; positive and negative in equal amounts. The
charge production per unit particle mass sras measured over a
velocity range of 3 km/sec to 25 kin/see for ftv£ target

' materi_!s: tungsten r tantalum, molybdenum, copper and stain-
' less steel. The impacting particles were iron spheres with

diameters in the 0.1-micron to 1.0-micron range. Charge pro-
duct ion was found to be iudependent of target temperature to
600°C, electric field at the target surface to 10 ° volts/
meter, and small amounts of cesiu_ contamination on the tar-
get surface. A plausible model of the charge production
mecb, anism was developed. Simulated ton engines were also
bombarded. A substantial fraction of the impacts (approxi-

: mately 5%) produced self-sustaining electrical discharges in
the simulated ion engines.
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INTRODUCTION

Some time ago, it was discovered at Taw Space Technology
Laboratories that the impact of a simulated micrometeorite
into a solid target produces a relatively large burst of free
charge_ There is no reason to _uspect that natural meteorites
will not exhibit the same bc,_avlor. With this in mind a pro-
gram under NASA Contract No. NAS3-3569 was undertaken to
examine the phenomenon and its possible effect on ion _ngines.
The work under this contract divided logically into two
categories: (I) the amount of charge produced by a micro-
meteorite _pact and _2) whether or not this charge could
initiate a self-sustainlng discharge under conditions approxi-
mating an operating ion engine. These two categories are dis-
cussed separately below, although the first has obvious bear-
ing on the second.

I, EXPERIMENTAL METHODS

There are several features common to all the experiments
described in this report_ The hypervelocity particles are
generated by the STL two-million-volt Van de Graaff generator.
A contact charging method puts a high charge on micro_ sized
iron grains which are then accelerated through the Van de Graaff
voltage. Before reaching the experiment the particles pass
throug_ one or more particle detectors, usually cylindrical in
shape. ..ey are observed by the voltage signal which they
induce on the capacitance of the detector°

The charge on each particle is deduced from the known
detector capacitance and the magnitude of the induced voltage.
the particle velocity is derived from the transit time through
the detector. Knowing the particle charge, the accelerating
voltage and the velocity, the particle mae_ may be calculated.
The detector signtl from every particle in _n experinent ts
photographed and the mass and velocity of each particle are
calculated.

The experiments on charge production all :lsed a target
and grid arrangement to observe the charge produced. The
parailel target and grid were positioned normal to the
incoming particle trajectory, and were separated by one to
ten millimeters. A bias voltage was always present between

target and grid. The impacting particle passed through the

*"Ionization Associated with Hypervelocity Impact_' J. F.
Friichtenicht and J. C_ Slattery, NASA 2_ D-2091.
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grid and struck the target. Any charge created by the impact
was dr_wn off by the applied bias voltage and, depending on
the polarity of thIz voltage, either positive or negative
charge carriers would leave the target.

Since the Incoming particle was always charged, a,_d this
charge was deposited on the target, it was necsssary to cor-
rect for thls effect. This was done in every case. Usually,
the amount of charge created in the impact was much greater
than that brought in by the particle.

: While performing the first experiments it became apparent
that the charge produced by an impact could be divided into

: two parts: a primary cha-'ge production by the inltial impact,
and a secondary charge production by "spray particle_". This
term is used to refer to the matter which is ejected in
varying amounts from the site of an impact. It apparently
comes off, partly as large particles, and partly as a metallic
vapor. It is observed that when ejected matter strikes the
grid or grid supports, it makes more charge which is drawn
into the target.

Since the velocity and size distribution of the spray
particles is not known, initial experiments concentrated
on the primary particles. This was done by placing high trans-
mission grids in front of the target in order to minimize the
interception of spray particles ejected from the target,
together with discrimination by time-of-fllght methods in the

measurement circuit. The ions or electrons produced by the
original impact are collected in a very short time, while t_e
time requlred for a spray particle to travel from the target
to wherever it finally impacts, is much longer (3 or 4 m_cro_
seconds)

For absolute measurement o_ charge production, the method
used was to integrate the charge on a small capacitance
(either the target or grid) and to observe the voltage change
on this capacitance wlth a high impedance amplifier. Care
must be taken not to include charge produced by spray partl-
cles. This is accompllshed by a careful choice of the
RC-decay time of the collecting capacitance relatiw, t: the
delay time between the arrival of the secondary charge pro-
duced by spray particles. In practice, a small _ou_:_ of the
original charge inevitably leaks off the capacitor betore the
secondary chaz_e arrives. The voltage w_ve form produced in
this manner rises sharply, then decays slightly for three or
four microseconds, then rises again in steps to a value indica-
tive of the burst from the spray. The first step is due to

1964015075-010
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charge produced by the original impact. One result learned
from a considerable number of experiments of this type is that
charge production is independent of the electric f_e!d at the
target surface and of polarity of the charge being collected.
If the applied voltag_ is high enough_ this burst of charge
will sometimes produce an electrical discharge.

Relative charge production measurements were made with
colle_acttance shorted by a low impedance amplifier,
giving a short time constant. This served to differentiate
the signal more sharply and more fully to dls_.ngulsh between
initial charge and secondary charge from the spray particles.
The voltage wave form produced by this method consists of a
short spike, a delay, and then several more spikes. The
fxrst spike is the contribution of charge produced by the
original impact, and the others are due to spray particles.

As long as the charge collection time is less th_n the
amplifier rise time, there is a linear relationship between
the height of the first spike and the amount of charge pro-
ducedo In this manner one can compare relative charge pro-
duction at different temperatures, or at different electric
fields.

DATA ON CLEAN METALS

Data on charge emission have been collected for three
different refractory materials: tungsten, tantalum and
molybdenum; and for two constructor materials: copper and
stainless steel. The charge emission has been examined, also,
with different electric fields at the target surface, with
different target temperatures (up to 600°C) and with a cesium
contamination on the target. The particles were small iron
spheres, with diameters in the 0.1 to 2.0 micron range. In
the presentation of these data, the polarity of the charge
emitted is not specif_ed because the effects are independent
of charge polarity. An impact produces the same number of
ions and electrons and eithor species can be drawn off by an
appropriate electric field. A number of experiments confi_aed
this point, and the data from one of these are illustrated _n
Fig. 1. The target in this case was tungsten and, as usull,
the collected charge nor_alized to the mass of the impacting
particle w_s plotted as a function of particle velocity.

Fhis particular set of data was taken before our improved
particle detectors were in use and extends to 6 km/sec.

1964015075-011
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However_ later experiments show that the eqvality of positive
and negative charge emission extends to at least 20 km/sec.

Figures 2, 3 and 4 illustrate the charge emission from
the refractory metals: tungsten, tant_lu_ _nd molybdenum,
respectively. Again the ordinate shows charge emitted
normalized to the impacting particle mass, plotted against
particle velocity. The data on constructor materials_
copper and stainless stell, are illustrated :n Figs. 5 and B,
respectively.

, The observed results indicate that the charge emission
from copper is a factor of ten lower than for the other four
materials. The refracto_j metals and stainless steel all have
about the same charge emission. The reason for this materia!
dependence is not completely understood, but it has been
noticed before that materials considered "soft" will yield
less charge than materials considered "hard". This point is
discussed more fully below.

INTERPREI_%TIONOF DATA

In all of these measurements, the total charge emitted is
observed experimentally; not the current it produces as it
flows between target and grid. The distance between target
and grid (typically, 2 to 5 mm) and the applied voltage were
such that the amplifiers could not observe the transit time
of either electrons or ions. Thus, it was not possible to
observe any time structure in the charge production process.
It can be stated that the charge is produced in a time less
than one-half microsecond.

This is a point which h?_ bearing on the mechanism of the
charge production. The mechanism is still not clear_ but a
model which fits the observed facts has been evolved.

It is difflcult to reconcile the equality of the positive
and negative charge collected with any type of current emis-
sion phenomenon. If it were not for this point, one could
argue that lhe charge was being emitted from a small "hot spot"
which existed for a fraction of a microsecond at the impact
site. But ion current source_, at a given temperature and
extraction voltage, will give a lower current than electron
sources. This is true, no_ only because of the increased mass
of the charge carrier in ion emission, but also, because the
ion work functions _re generally higher. Thus one would expect

1964015075-012
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orders of magnitude less ion current emission than electron
current emission. Furthermore, the emission current should be
sensitive to the applied electric field. Since no such dif-
ference is observed_ one is led to the conclusion that ions
and eiectrons are created in equal numbers and that the applied
field serves merely to separate them, not entering into the
creation process.

This suggests thst the charge is present in the form of
a dilute plasma. One way in which such a plasma could be
formed is to concentrate the incoming particle energy into &
small volume. The total energy carried by the particle is
smsll, because the mass is small, however, the energy per atom
in the particle is quite high. For example, a 6 km/sec parti-
cle has a kinetic energy per atom of about ten electron volts
and, of course, this energy increases as the square of the
velocity. When the particle impacts on a solid target this
kinetic energy is transformed into other forms: shock waves,
hea_ of melting and vaporization, and raising the temperature
of the material.

If the original i0 ev/atom is spread over ten times as
many atoms as a result of the impact, the resulting average

•_ energy corresponds to a temperature of 8000°K. (Assuming a
monatomic gas wlth an atomic specific heat of 3/2 kT.) A
small ball of gas at this temperature would have considerable
ioniz_tlon (several percent) associated wlth it. The little
ball of gas and charge created by the impact is then driven
odtward from the target, expanding because of the high pres-
sures at these high temperatures°

As the plasma continues to expand, it finally reaches a
point where it is so dilute that the electric field can pene-
trate it and extract charge. At this point essentially all
the charge of one polarity is extracted by the field, while
the opposite polarity charge returns to the target. With this
model in mind, one may predict the effect of electric field,
target temperature and cesium contamination.

The target temperaZure should have very little effect,
at least up to the melting point of the target. The extra
energy due to the target temperature is still small compared
to the energy per unit atc_. which has been hypothesized.

. This may not be true if the target temperature is so high
that the atomic bonds are af£ected, that is, if the target is
near melting. In that case the target would behave like a
"soft" material and th_ paxticle energy could not be con-
ceutrated into a small volume. Figure 7 illustrates the dat_

1964015075-013
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from one of the _Av .Iments wade to measure charge collection
at room temperature and at 600°C. The $_rget in this case was
tungsten and very little temperature effect c&n be seen. The
sane experiment has been performed in our l_boratory on the
ofner two refractory metals, and also on copper and stainless
steel, with the same results. These experiments have confirmed
that although there is some spread in the data, no consistent
temperature effect is present at temperatures up to 600°C.

EFFECT OF COLLECTING FIELD

The magnitude of the electric field, which is applied tO
draw out the charge, should also have no effect, provided the
field is high enough to overcome space charge and to separate
the charge in the plasma before it makes contact l_Ith other

electrodes in the system, &nd below the value at _hIeh sub-
stantial field emission takes place.

This has been checked experlmentally on several materiwls,
using fields which varied from 4 x i0 _ volts/me_er up to I0 _
volts/meter, with total voltages from I00 volts to 3000 volts.
The results of one of these experiments are shown in Fig. 8.

The charge collected fro_ a tantalum target is _lotted for two
collecting fields, 3.9 x 104 volts/meter and I0 ° volts/m_ter.

, There is no noticeable field effect, nor was there on an) of
the other materials tested. The applied voltages were low
enough that no discharges occurred. The effect of applied
voltage is discussed further lh the second section of this
report.

CHARGE EMISSION FOR CESIUM COVERED SURFACES

_. The experiments performed to measure the cesium effect use
a gun which evaporated cesium from a 0.010" hole onto tk_e tar-
get at a low rate. The evaporation rate from the gun was such
that it took about an hour to form a thin film exhibiting
interference effects on a transparent cover plate located 3"
away from the gun. The csslum beam impinged on the target at
an angle of 83 ° from the vertical. The gun was located about
I" from the target. The procedure followed was to measure the
charge yield from a target before turning on the cesium. The
cesium was then turned on and sprayed at the target until a
visible film formed, a_,d then the charge yield was remeasured.
Some of these data are illustrated in Figs 9 and 10. Figure 9
shows the yield from n molybdenum t_rget with and without a

1964015075-014
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cesium film. Figure ]0 shows the same type of data for a
stainless steel target. There is certlinly no large effect
due to the cesium.

CONCLU Sl ON S

A s!mu!ateu m_cr_c_m_e_eorlte impact into a solid target
serves t_ conaentraf, e the particle energy into a small volume.
Yhl_ large energy per unit volume results in _ high local
tern _ _ture, The high temperature creates a small ball of gas
,_hd a lilute plasma of ions and electrons which expand out
away fro_ the impact site.

Variation of target temperature up to 600°C does not
affect the _mo_nt of charge produced. Neither will _n applied
electric field, since I% is not an emission phenomenon. The
presence of thin surface layer contaminants does not materi_lly
&fleet the charge yield. Target material is an important
parameter in a way which 18 not understood. However, refrac-
tery metals produce & higher charge yield than materials such
as copper or stainless steel.

II, DISCHARGES IN ION ENGINZZ

Discharges have been initiated in simulated ion engines
by particle impacts. It has proved surprisingly easy. The
first attempts were made in a clean system, with no cesium.
The experimental arr&ngement had a tantalum plate for _ t_r-
get and a copper plate acting as a grid. The copwer plate
was located 1.0 mm away from the target. Particles from the
accelerator passeC through an 0.8-mm hole in the coFpe: plate
and Impacted on the tantalum target.

With _ voltage of 6000 volts applied between targe_ (-0
and grid (+), appr6ximately 5% of the impacts were observed
to produce dischar_es. The threshold voltage was approximately
5000 to 6000 volt_o It was easier to produce discharges with
%he grid positive, with respect to %he target, than with w.:_h
a negative grid. However, some discharges were observed wlti_
the grid ne6stive although the frequency of occurrence was
approximately a factor of ten lower. The effect of the volt-
age polarity is discussed more fully below.

Following these preliminary observations, breakdowns in
the presence of cesium were observed. The experimentel

1964015075-015
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arrangement used was the one used for charge yield measure-
ments. The target was tantalu_, the tungsten grid was loca_ed
3.5 mm away and the _rld had a transmlss_on of approximately
90%. In the presence of cesium, impact-lnttiat_d discharges
commenced when the applied voltage was approxi_ately 3500
volts. The percentage of impacts producing di_charges was
about double the case with no cesium.

Illustrated in Fig 11 are tracings of typical oscillo-.
scop_ picturea taken, which demonstrate that it ts really the
particle which causes the discharge. Figure l_-a shows a
particle which does not cause a discharge. The u_per trace

: is of the particle detector_ vertical sensitivity 0.2 volt/
die and sweep speed 10 _sec/div. The lower trace was made
with a Tektronix Mod_l P-6013 high voltage probe connected to
the grid where the high voltage is applied. The oscilloscope
gain 9_d probe attenuation are such that the vertical s_nsi-
tivity is 2000 volts/die. The probe trice _s triggered _uto-
matical_y by the top trace and also h_s a sweep _peed of
10 _sec/_iv. A positive voltage of 3500 volts was applied to
the grid, while the target w_8 grounded thr_._gh a one-ohm
reslstor.

In Fig. ll-a, a particle is observed to pass through the
detector in about 13 microseconds. It impacts on the target
about 22 microseconds after l_aving the detector. At this
time some of the charge released by the impact is observed in
the detector signal. Ther9 is no change in the grid voltage,
ss shown by the straight lower trace.

Figure ll-b illustrates a particle which causes _ dis-
charge. The high voltage_ vertical sensitivities and sweep
speeds are the same as in Fig. ll-a. The particle passe_
through the detector in about 15 microseconds _nd impacts on
the target about 28 microsecond_ later. At this time a dis.-.
charge occurs, evidenced by the abrupt change of about 2800
vo_ts in the grid voltage. The detector trace disappears
off scale as the sensitive amplifier pick_ up the signal from
the discharge°

Many such discharges have been observed_ always caused
by part_cles. If partlcles do not bombard the surface_ but
the experiments simply stands with the hi_ ° voltage applied,
there are no discharges. This fact indica_es tha£ the system
is safely below the point of natural breakdown.

The discharge behavior as the available energy £s varied
has been observed by changing the capacitance in parallel with

1964015075-016
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the grid. Figure 12 illustrates the high voltage on the grid
during the discharge with three different capacitances. The
oscilloscope tracings in Fig. 12 show the grid voltage as
measured by the high voltage probe. Vertical sensitivity is
2000 vo!ts/div, sweep speed is 0.2 9sec/dlv. Figure 12-a had
only the probe cap&clt_nce of _ 9_f in parallel with the grid.
Figure 12-b had a capacitance of 500 _f and 12-c, a capaci-
tance of 0.06 _f.

The discharge times are all comparable. The different
shapes of the curves, particularly 12-a, are not, as yet,
un4erstood. The times are long enough so that the frequency
resi_onse of the probe is not a factor in determining the shape
of the curves.

A qualitative description of the discharge may be given
from visu_l observations. With +3500 voits on the grid and a
capacitance of 500 _f in parallel wlth the grid, the discharge
is barely visible, appeariDg as a tiny pinpoint of light very

near the target surface, presumably close to where the parti-
cle impacts. If the capacitance is raised to 0.002 _f, more
light is emitted, concentrated in two regions. There is a
luminous blue glow on the surface of the target, a dark space
between target and grid, and then a [umlnous blue glow around
the grid.

Photographs of some dlschsrges are reproduced in Fig. 13_
They were made by keeping the lens of a Polaroid camera open
throughout the time of discharge, so _ha£ each picture is of
the total integrated light output. Figure 13-e, taken in
normal light, illustrates the field of view. Particles enter
from the rlghtj pass through the four element detector and
then through the grid and impinge on the target.

The grid is a 3/8" hole in a solid pla_e, covered with
tungsten mesh. In the picture it appears as a solid pl_te
just to the left of the last detector tube. The target appears
as a thin llne Just to the left of the grid. Qrld-to-targst
spacing is 3 5 mmo

Figure 13-b is a photograph of a discharge wlth a grid
capacitance of 0,002 _f and +350G volts applied to _he grld.
In Fig. 13-c the capacitance and voltage are the same but the
applied voltage is negative. In Figs. 13-d and 13-e the grid
capacitance is 0.06 _f _nd the grid voltage is 3500 'volts,
positive in Fig° 13-d and negative in 13-o.

There is a noticeable dlfference in both sets of photo-
graphs between grid positive and grid negative. With a

1964015075-017
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positive grid, the discharge appears to spread from an impact
point on the target out to the grid. Observed discharges with
a negative grid always appear to spread from an impact on the
grid forward to the target and backward to the detector
elements.

These pictures are interpreted to mean that discharges
have really been observed only when the impacting point is
negstive with respect to _ts surroundings° This would account
for the decreased frequency of grld-negatlve discharges noted
before. In any given experiment many more partlcles strike
the target than the grid.

The discharges have also been photographed with an _PL
Fast Camera. This camera will take three frames separated by
as little as 0.5 _sec, with exposure times of 5 to 200 nano-
seconds. It can also be used as a streaking camera, with the
streak-time variable from several nanoseconds to several micro-
seconds.

An example of the framing pictures taken is shown in
Fig. 14. Figure 14-a is an oscilloscope tracing showing the
exposure times and synchronization of the exposures relative
to the discharge volt&ge. The rectangular pulses in the top
trace are the three exposures of the camera. The bottom
trace represents the high voltage to the grid, with a vertical
scale of 2000 volts/die. The two sweeps are triggered togethe
and are sweeping at a rate of 0.5 _sec/div. Thus the first
exposure occurs while the c_pacitor is discharging and the
other two somewhat later.

The grzd capacitance was 0_06 _£ and the applied voltage
was 3500 volts, The cesium gun was spraying cesium at the
target, and the grid-to-target spacing was 3.5 :_m. The image
is magnified and th_ target is the flat plate at the bottom
of each frame while the grid is directly oppostte. In some
frames luminous materi_l can be seen moving through the grid
(the grid is a 3/8"-diameter hole in _ flat plate).

Two separate discharge photographs are reproduced in
_ig. 14-b, and in each case the f_rst frame is the one on the
right Perhaps the most obvious conclusion to be drawn is
that material appears to erupt from the target and is roughly
symmetrical aboat the point where the particle impacts. It is
apparent that energy delivered to the grid is spread out over
s much larger &res than i3 the case on the target. At le_.st
during the time that the grid voltage is falling there i_ only
a s_nall luminous spoz in the vicinity of the target; presumabl
_ost o£ the current is going into this spot.

1964015075-018
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Figure 15 is a reproduction of two streak pictures. The
oscilloscrope tracing in 15-a illustrates the length of the
streak and the time relationshlps. The top trace shows the
duration of the streak and the second trace shows the high
voltage on the grid. As before, the vertical scale on the
_rid voltage trace is 2000 volts/div and the sweep speed on
both traces is 0.5 psec/div.

Two streak photographs are reproduced in Fig. 15-b. The
duration of the streak is 2 _secs. There was no slit in the
system Rnd the whole image, as shown in Fig, 14-b, is being
moved across the film. The streak starts at the right and
moves to the l'_t. A small luminous spot on the target can
be seen during the first part of the streak. This spot then
seems to disappear and still later more luminous material
starts to move out from the target. There are still a large
number of points about these discharges which are not under-
stood.

CONCLU SIO]¢S

The impact of a micrometeorite can initiate a discharge
in a simulated ion engine. The voltages, spacings and
materials in the simulated ongines are all in the range of
operating engines. All the discharges observed so far, have
apparently occurred when the impact point is negative with
respect to its surroundings. The mechanism by which the
discharge is initiated is not understood, but it is believed
that the neutral material ejected from the impact _'te is an

, important factor.

ro

1964015075-019



8447 -60 l0 - SU-00

Page Z

I00 _ '--........ ,

0

"_D"_ X TARGET GOING NEGATIVE

[ O TARGET GOING POSITIVE j

I I' lI :
i '

0 2 3 4 5 6 7 8

PARTICLE VELOCITY (Km/SEC,

Figure 1. Data illustrating the equality of positive and neg"

tire charge emission. The target was tungsten. The emitted
charge, normalized to the mass of the impacting particle, is
plotted as a function of particle velocity. The particles w
iron spheres, ranging in diameter from 0.1 micron to 1.0 mtc:
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Figure 2. Charge emission from a tungsten target. Emitted
charge, normalized to the impacting particle mass, is plotted
against the particle velocity. The particles were iron
spheres, ranging in diameter from 0.1 micron to 1.0 micron.
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Figure 3. Charg_ emission from a tantalum target. Emitted
charge, normalized to the impacting particle mass, is plot%

against the particle velocity. The particles were iron
spheres, ranging in diameter from 0.1 mic,'on to 1.0 micron.
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Figure 4. Charge emission from a molybdenum target. Emitted

charge, normallzed to the impacting partlcle mass, is plott_¢
against the partlcle velocity. The partlcles were iron
spheres, ranging in diameter from 0.1 micron to 1.0 micron.
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Figure 5. Charge emission from a copper target. Emitted
charge, normalized to the impacting _artlcle mass, is plotte
against the particle velocity. The particles were iron
spheres, ranging in diameter from 0.I micron to 1.0 micr_n.
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Figure 6. Charge emission fro_ a stainless steel target.
Emitted charge, normalized to the impacting p&rticle mass, is
plotted against the particle velocity. The particles were
iron spheres, ranging in diameter from 0.1 micron to 1.0 micr
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Figure 7. Charge collection from a tungsten target at targe
temperatures of 25°C and 600°C. The ordinate is emitted ch
normalized to the impacting particle mass and the abscissa
particle velocity. The particles were iron sphere% ranging
in diameter from 0.1 micron to 1.0 micron.
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Figure 8. Effect of electric field on charge emission from :
tantalum target. The emitted charge, normalized to the
impacting particle mass, is plotted against particle velocit
The particles were iron spheres, ranging in diameter from
0.I micron to 1.0 micron.
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Figure 9. Charge emi_sion from a molybdenum target showing
the effect of a chin cesium film on target surface. The em
ted charge, normalized to the impacting particle mass, is
plotted against particle velocity. The particles were iron
spheres, ranging in diameter from 0.1 micron to 1.0 micron.
Tbe estimated Cs coverage was a layer 0.1 micron thick.
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Figure 10. Charge emission from a stainless steel target
: showing the effect of a thin cesium film on target surface.

The emitted charge, normalized to the impacting particle massI

is plotted agaiast particle velocity. The particles were irc
spheres, ranging in diameter from 0,1 micron to 1.0 micron.
The estimated Cs coverage was a layer 0.1 micron thick.
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Figure 11. Oscilloscope _racings illustrating a particle wh
does not cause a discharge (ll-a) and one which does (ll-b)
In be)th figures the t_p trace is of tie particle detector,
vertical sen_itivity 0.2 v/div and sweep speed 10 _sec/div,
The bottom trace is from a high voltage probe connected to
grid in front of the target, vertical sensitivity 2000 vnlt:
div and sweep speed 10 _se_/div.
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Figure 12. Beb_vlor of the high voltage on the grid during dis-
charge with three different capacitors In parallel wlth the
grid. Vertical scale is 2000 volts/air, sweep speed is 0.2
_sec/div. C_pacitances are: (12-a) C = _f, (12-b) C = 500 _f
(}2-c) C = 0 06 gf
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Figure 13-a

Figure 13-b Figure 13-c

Figure ]3-d Figure 13--e

Figure 13. Polaroid pictures of particle initiated discharge.
Figure 13-a shows the field of view, with a particle detector
on the right, the grid .just to the left of the particle de-
tector and then the target to the left of the grid. The tar
get appears as a thin line in the photograph. Figures 13-b
and 13.-d are with a positive voltage applied to the grid and
13-c and 13-e with a n_o_l,,_._.._ co!rage ...... ._,_ text for a fulle
discussion.
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' Figure 14-a

Figure 14-b

Figure 14. Fast-camera framing pictures of particle initiate¢
discharges. The oscilloscope tracings show the time relatior
ship between the three exposures (top trace) and the discharu
ing high voltage on the (bottom trace). The sweep speeds wer
both 0.5 _sec/div. Two separate discharges are shown in the
photograph and the exposure on the right is the first in botr
cases.

I
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Figure ]5-b

Figure 15. Fast-camera streak pictures of particle initiat
discharges. The oscilloscope tz'acings show the time relat
ship between the streak time (top trace) and the dischargi
high voltage on tbe grid (bottom trace). The oscilloscope
speeds are both 0.5 _sec/div. There was no slit in the sy
and the entire image (as shown in Fig. 14) is being swept
across the film. Two discharges are shown and in both ca_
the sweep starts at the right and moves to the left.
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